ABSTRACT: A life cycle energy, emission and economic assessment model of biological butanolgasoline blend fuel was established based on life cycle. Then, the life cycle energy, environment, and economy of biological butanol-gasoline blend fuel used as automotive fuel were assessed. Comparing with conventional gasoline, biological butanol-gasoline blend fuel has higher life-cycle total energy, and fossil fuels consumption, higher HC, NO X , SO X , PM, and CO 2 pollutants, higher life cycle cost, lower petroleum consumption, lower CO, and CH 4 pollutants. The promotion and application of biological butanol is beneficial for vehicles to reduce the consumption of oil, but needs subsidy.
INTRODUCTION
The main fuel used in cars are gasoline and diesel refined from oil. In recent years, China's civil car ownership has been growing rapidly. The oil consumption of vehicles is growing rapidly, thus, taking measures to reduce the oil consumption of vehicles, is one of the hot issues that we face. Butanol has the characteristics of wide source of raw materials, high calorific value, high boiling point, high octane value, low vapor pressure, low corrosiveness, with gasoline in any proportion and good transportation safety [1] [2] , is one of the good gasoline alternative fuels, which get attention in many countries [3] . Life cycle assessment is a process to evaluate the environmental burdens associated with a product, process, or activity by identifying and quantifying energy and materials used and wastes released to the environment [4] . As an important decision-making tool, life cycle assessment is used widely in "well-to-wheels" life cycle inventory analysis of ethanol [5] , methanol [6] , biodiesel [7] , DME [8] and other gasoline alternative fuels, which provide a useful date support to promote the use of gasoline alternative fuels. Currently, the research on biological butanol is focused on the influence of butanol on engine materials [9] , the combustion and emission characteristics of engines [10] , the actual road test of vehicles [11] , and the research on biological butanol is still absent. Based on the life cycle assessment theory, this paper make a life cycle inventory analysis of biological butanol, then analysis the input and output proportion of the plantation and transportation of raw materials, the production and transportation of biological butanol, the usage of biological butanol in vehicles in entire life cycle, make a systematic review for the impact on environment and energy consumption in biological butanol life cycle.
BIOLOGICAL BUTANOL LIFE CYCLE ANALYSIS
Objectives and scope of the study The automotive biological butanol life cycle is the system process from "raw material planting" to "combustion/vehicle use", is composed of "raw material production", "biological butanol production" and "biological butanol combustion/vehicle use" this three sub-processes. The automotive biological butanol life cycle is mainly consist of the processes of "chemicals production and transportation", "raw material production", "raw material processing and transportation", "biological butanol production", "biological butanol transportation", "fuel mixed", and "biological butanol combustion/vehicle use", as is shown in figure 1 . Currently, cassava is main raw material that produce biological butanol in China, the source mainly rely on imports from Laos, Vietnam, Thailand and other Southeast Asian countries. Tapioca slice first transported to wharfs in China from the wharfs in Southeast Asia, and then transported to the manufacturers from the wharfs in China by train. The production of biological butanol is mainly by way of fermentation, first, pulverizing the Tapioca slice to power, adding water to power in order to transform power to mash, then adding clostridium acetobutylicum in the mash, letting the mash ferment in the temperature of 36～37℃ to obtain n-butanol and acetone, distilling the mixture of nbutanol and acetone to get n-butanol. Butanol transported to destinations by train or truck, then mixed with gasoline in a certain proportion, and transported to gas stations for vehicles.
Evaluation indicators
The life cycle assessment of biological butanol is composed of energy consumption, environmental emissions and economic analysis, and energy consumption index is mainly composed of the consumption of coal, oil and other fossil fuels, petroleum consumption in the life cycle of biological butanol and each stage. Environmental emissions is mainly composed of CO, PM, NO X , and CO 2 pollutant emission in the life cycle of biological butanol and each stage, as is shown in figure 2 . 
Functional unit
Currently, the research on the proportion of biological butanol-gasoline blend fuel is focused on the proportions: 10%, 20% [12, 13] , 48%, 85% and 100% [14] . Taking a gasoline car with fuel consumption of 7L/100km(mixed working condition), or biological butanol-gasoline blend fuel cars with equal performance compared with gasoline car as the research object, fuel consumption per hundred kilometers of biological butanol-gasoline blend fuel cars is obtained on the basis of the calorific value of gasoline and butanol, therefore, the fuel consumption per hundred kilometers of biological butanol-gasoline blend fuel cars are: 7.09L/100km、7.19L L/100km、7.48L L/100km、7.89L L/100km and 8.07L L/100km in different mixed proportions.
Date sources
Getting the reliable date is the basis of life cycle assessment, the dates of energy consumption, pollutant discharge coefficient, pollutant emission of the life cycle of biological butanol-gasoline blend fuel vehicles and conventional gasoline vehicles are from domestic and foreign public documents literatures. The dates of partial pollutant discharge coefficient, pollutant emissions in the usage stage of alternative fuels are from the US Argonne National Laboratory's GREET model. The energy consumption dates in the biological butanol production are getting from field research.
EVALUATE RESULTS

The life cycle energy consumption
The life cycle energy consumption of gasoline, Bu10, Bu20, Bu48, Bu85, Bu100 and other different mixing proportions of biological butanol and gasoline blend fuels as shown in table1. Comparing with gasoline, the life cycle energy consumption of biological butanol-gasoline blend fuel is higher, and the life cycle energy consumption of biological butanol-gasoline blend fuel is increase with the increase of biological butanol proportion in the biological butanol-gasoline blend fuel. This is because biological butanol is obtained through fermentation, the fermentation products include nbutanol, acetone, and ethanol. The acquisition of n-butanol needs several times of distillation, the energy consumption is large in the stage of biological butanol production, therefore, the life cycle energy consumption of biological butanol is higher compared with gasoline. At the same time, the vapor used in the biological butanol distillation is from coal, hence the fossil fuels energy consumption is higher compared with gasoline. Biological butanol is a kind of renewable energy, the promotion and application of biological butanol is beneficial for vehicles to reduce the consumption of oil. The life cycle petroleum consumption of gasoline, Bu10, Bu20, Bu84 and Bu100 and other different mixing proportions of biological butanol and gasoline blend fuels as shown in table 2. Comparing with conventional gasoline, biological butanol-gasoline blend fuel in all proportions has lower life cycle petroleum consumption, the magnitude of the decrease of biological butanol-gasoline blend fuel life cycle petroleum consumption is increase with the increase of biological butanol proportion in the biological butanolgasoline blend fuel. 
The life cycle emissions
The life cycle CO, HC, NO X , SO X , PM, CO 2 , CH 4 , N 2 O emissions of gasoline, Bu10, Bu20, Bu48, Bu85, Bu100 and other different mixing proportions of biological butanol and gasoline blend fuels as shown in figure 3 . Comparing with conventional gasoline, biological butanol-gasoline blend fuel has lower life cycle CO and CH 4 emissions, higher life cycle HC, NO X , SO X , PM and CO 2 emissions, and the N 2 O emission has a litter change. This is because butanol is oxygenated fuel, the CO, HC emissions in the stage of "biological butanol combustion/vehicle use" is lower compared with gasoline; at the same time, biological butanol is a kind of renewable energy, the CO 2 emission in the stage of "biological butanol combustion/vehicle use" is lower compared with gasoline. Besides, because of the larger latent heat of vaporization, the lower intake air temperature leads to the decrease of cylinder combustion temperature, hence the NO X emission is decrease. However, the energy consumption and the pollutant emission in the stage of "biological butanol production" are higher compared with gasoline, the above factors lead to biological butanol-gasoline blend fuel has lower CO, and CH 4 emission, higher HC, NO X , SO X , PM, and CO 2 emissions compared with gasoline. Taking measures to decrease the energy consumption in the stage of "biological butanol production" or using clean energy in this stage to decrease emissions is useful measure to decrease the biological butanol-gasoline blend fuel life cycle emissions. Economy Economy mainly refers to the life cycle cost of butanol, it refers to the entire life cycle of the product, the sum of the cost from the acquisition of raw materials to the abandon or recycle of waste. According to the 2014 socio-economic date to calculate, the cost of biological butanol life cycle is 6.29 yuan/L, and the cost of gasoline life cycle is 5.71 yuan/L. The life cycle cost of gasoline, Bu10, Bu20, Bu48, Bu85, Bu100 and other different mixing proportions of biological butanol and gasoline blend fuels as shown in 
CONCLUSIONS
(1)Comparing with conventional gasoline, the automotive biological butanol-gasoline blend fuel has higher life cycle energy consumption and fossil fuels consumption, lower petroleum consumption. The promotion and application of biological butanol is beneficial for vehicles to reduce the consumption of oil. (2)Comparing with conventional gasoline, biological butanol-gasoline blend fuel has lower life cycle CO and CH 4 emissions, higher life cycle HC, NO X , SO X , PM and CO 2 emissions, and the N 2 O emission has a litter change. (3)Comparing with conventional gasoline, the life cycle cost of biological butanol-gasoline blend fuel is higher, biological butanol-gasoline blend fuel needs subsidy to promote its promotion and application.
